Imidacloprid's relationship with agriculture is often viewed in terms of protection of 20 field crops against a range of devastating pests. But beyond this, applications -foliar 21 spraying, soil and seed treatment -have become synonymous with the negative 22 impacts on beneficial insects including pollinators and the natural enemies of 23 agricultural pests, and environmental contamination. The present paper reviews some 24 of the vital properties and other key related aspects making imidacloprid agriculturally 25 relevant. It also draws attention to the use of this compound in early plant growth to 26 enhance resistance to pests, pathogens and abiotic environmental factors, as either a 27 priming or selection agent. In cementing this proposal, metabolites and synthetic 28 compounds similar to imidacloprid are used to illuminate neonicotinoid-driven 29 priming/selection potential for integrating robust responses in, and for, plants to be 30 better armed for future hostile encounters.
Target-site resistance to imidacloprid has been reported in several important economic 124 insects including resistant strains of N. lugens and M. persicae. [19] [20] [21] In many of the 125 affected species, resistance is typified by point mutations in the nAChR gene, often 126 7 inducing amino acid polymorphisms in nAChR subunits and resulting in reduced 127 sensitivity to neonics. One of the earliest described target-site mutation is Y151S, 128 located within nAChR α subunits and causing neonics resistance phenotypes in the field 129 and laboratory. 19, 20 Though this mutation is in close proximity to nAChR agonist binding 130 site, it has little direct involvement for binding of neonics and largely influences 131 resistance by inducing a conformational change within the nAChR binding site. 19
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Target-site mutations in the β subunits have also emerged to cause resistance to 133 imidacloprid. These include K264E, L80S, R81T and V61I, which are associated with 134 resistant phenotypes in A. gossypii . 22,23 135 136 Least commonly characterized resistance mechanisms include amplification and 137 differential expression of genes coding for proteins involved in promoting resistance, 138 drug transporters. To a lesser extent, epigenetic processes can also play a role in 139 resistant phenotypes against neonics. Gene amplification has been implicated in 140 reduced sensitivity to imidacloprid and clothianidin, and host shifts in M. persicae that 141 led to the adaptation of this pest to tobacco. 24 In the field strains of brown planthopper, 142 the amplification of the P450 CYP6ER1 into sequence variant CYP6ER1vA and 143 CYP6ER1vB seems to have conferred an imidacloprid metabolizing function in this 
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Effects on beneficial insects 176
The application of imidacloprid has been greatly scrutinized due to the potential of this 177 compound to become a pernicious threat to pollinators and the natural enemies of 178 agricultural pests. [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] This is given the fact that neonics can be distributed anyway 179 within the plant, including in pollen, nectar and guttation fluids. Indeed, at various 180 application rates imidacloprid concentrations were detected by many studies in the 181 pollen and nectar of various plants. 46 Many of the studies are analysing the 182 consequence of this largely using honeybees (Apis mellifera Linn), bumble bees 183 (Bombus terrestris Linn), and to a less extent, solitary bees (Osmia bicornis 184 Linn). 37, 39, [41] [42] [43] [44] For instance, certain studies have indicated side effects when bumble 185 bee colonies briefly exposed to imidacloprid treatments representing seed-treated 186 Brassica napus Linn (oilseed rape), 37 experienced sluggish weight gain, colony growth 187 and queen production. The unexposed bees were behaving normally. 37 Other groups 188 have found a strong relationship between exposure to nectar containing field-realistic 189 levels of imidacloprid and impaired nesting behaviour, social networks, and 190 thermoregulation in these wild bees, and some of those adverse effects were similarly 191 observed with other neonics (e.g. thiacloprid) on honeybees. 44 According to a new 192 study, honeydew (a substance typically excreted by mealybugs feeding on plants) 193 becomes toxic to hoverflies and parasitic wasps feeding on it when mealybugs feed on 194 imidacloprid-treated tress. 45 Notably, mortalities were even higher when these insects 195 fed on honeydew excreted by mealybugs feeding on thiamethoxam-treated trees. 196 Therefore, neonics can have dire consequences if found contaminating excretion 197 products of insects feeding on plants treated with these compounds, but the degree 198 of toxicity is also depended on which neonic is used. 
Effects on insects 236
Although induced priming using imidacloprid may be useful for plant improvement, so 237 far it has largely been reported to influence physiology in insects, including green peach 238 aphid, housefly and Neotropical brown stink bug. In a large number of studies, this is 239 usually preceded by hormetic preconditioning, a phenomenon entailing low-dose 240 stimulation and high-dose inhibition after exposure to a stimulus. [60] [61] [62] [63] [64] [65] In several 241 studies, the insect offspring exposed to sub-lethal doses of imidacloprid were usually 242 observed to develop various primed responses including enhanced mating frequency, 243 reduced fecundity and longevity, tolerance to stress and altered DNA methylation 244 patterns. 60-65 Furthermore, hormesis can be associated with insecticide resistance, pest 245 resurgence or outbreaks, all of which with great implications for integrated pest 246 management. Therefore, most evaluations around chemically-driven priming using 247 imidacloprid in insects have focused largely on insect hormetic preconditioning. 3-AB can lead to tolerance of regenerated plants to stress. 77 Noteworthy, 3-AB is 297 structurally analogous to imidacloprid (e.g. the latter contains a benzamide-like 298 structure similar to the benzamide structure in the former) ( Fig. 1B) . Other compounds 299 that are structurally analogous to imidacloprid include nicotinamide (Fig. 1B) , a product 300 of NAD + catalysis generated during protein ADP-ribosylation. Nicotinamide can also 301 inhibit ADP-ribosylation. 78 Therefore, there are prospects to use imidacloprid or its 302 metabolites to stimulate plant environmental response to stress at genotypic and 303 phenotypic levels by altering the trajectory of ADP-ribosylation. 304 6 CONCLUDING REMARKS 305 The literature provides useful information on neonics that can assist researchers to 306 readily relook at the current use of imidacloprid and to make improvements where 307 necessary. A proposal emphasized in this review is to investigate imidacloprid-driven 308 priming and selection of plant beneficial traits as an alternative or supplement to 309 traditional application methods, given these methods have been linked with negative 310 agroecological effects. This approach has the potential to rewire environmental 311 responses at genotypic and phenotypic level where imidacloprid is applied at lower 312 concentrations, and the rewired response might persist for future generations and 313 15 manifest into improved defence against ecological stress so that plants can better 314 counter environmental challenges in future. In this context, imidacloprid-driven priming 315 and selection can mark the end of a significant reduction in the use of neonics in crop 316 and pest management, which in return will lower farmer input costs. Importantly, this 317 approach will be applicable to nearly all plants and with any other neonic, and therefore 
